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(U) 'Ti.lA first edition of SniaiL-Armni Ballistic Protection Surviv!Jaility
i)esign Guide for U. S. A rmy Aircraft was prepared by North American

Rockwell, Los Angeles Division, under the ternis of Contract D)AAJU2-7U-
C-004 4.

(U) Under the contract, Army aircraft survivability design datal Kenerated
over the past ten years were compiled and analyz.ed in the area of aircraft
vulnerability reduction and aircrew protection against snmall-armos fire.
From this source of information, pertinent design data related to aircraft
vulnerability reduction and nirerew protection were selected and developed
Into this design guide for use by aircraft engineers, designers, and other
personnel responsible for Army aircraft survivability.

(U) The contents of this guide have been coordinated with the Air Force
Flight Dynamics Laboratory, Army Ballistic Research Laboratories, and
the Army Materials and Mechanics Research Center. It is expected that
revisions will be made and published from time to ti,.ne to correct and up-
date the guide and to add pertinent information as it becomes available.

(U) Comments or suggestions pertaining to the data contained in this guide
will be welcomed by this Directorate.

(U) The technical monitor for this contract was Mr. Stephen Pociluyko,
Safety and Survivability Division.

CONFIDENTIAL



CONFIDENTIAL

AIý ec c;t Re -port '71-4111
(j)ova~m 0.71 7

-ULJRVIVAII1, I1Y Pi•;'IL N GUIJ DlI FOIR
U.S. AIMY AIRCRAV-l.U

VO1,JMlI I1.- CLAISSIFIII) DATA FOR ýMLL-AR•S
BAlIJI', IC PRIU-10C IN (U).

"Walter DDotse th tI

Prepared by

Los Angeles Division of North Amnerican Rockwell

for

"EjUSTI S DI RECITORATEI

U.S. ARW AIR MOBILI'IY RESEARCII AND
DF.Il01 M'NT LABORAIORY

FORT JUS'IS, VIIGINIA

) I" -:6ONFIDENTIAL

4:;



UNCLAS S I F ED

IIU) ;I I C xtCi~ I' IS i tL- i a UlRLLlV aitd 111101OI1htt i 01~ll SaTi1 W,01 CU!IlltIL~td t10
idviit i f III i Ii tary a i lCvrat smII I I- aOnus III-tLtCCt iC! oi llhafl~tlcltmt 1cC-Jill iqiiv
develOI ncd dur itig the pas t 10 N 'cars Thhi dat a was anal yzvd and kus d tu
dCVL' 101 kp aC0umprccuIS iV vc Iu Vi\ Ji Ia it)'t ydvS iI gL gi de for i ncorpu LUat iuin olf
hal list tic p rote-ct ion Icaturvs inl U.S. Amy ai r c raft . lbis doctuuc-n t
coil t ailM Cls if ic Id in tonmint i on tha t sujpp Iemlcntt the in fo nuation coil-

tilld OIL ' LUnI1aISSMicd V01LUIIn I (USAAMIU)I lcchni cal k'port 71- 41A.)

U NC LA S S I F I ED



f3' UA P 1*
UNCLASS IF IED

d) ,)1 %sLl111Cflt w:; lirciv rod for the Itts t I s4 Pi r'ovtnrite 11I. S. Army Ai r
Moll i Ii ty It",carchi ad It 1)vc I luiiicit Lahoiat oly , huot hust is, Vi rginia i 1i,by thv
Los igvIgc s Piv is iu ofl0 Nortli An!cricWui k~Iok-, II ( ' rport)iitI I, iiiideu (:oil-
ttLt t IUXAo2 70-C-00,14 'lts k III 2 203A I00U3J 'Ihe dat a cont ai ned ill this

pub Ii at iOnl WaIS oh t ai nd thl',Algl an VXteus1iV 12ilyerdh Uh rC I ~tVd puh)IIi shed
dOCL11MIt~nS and othe~r data devv oped during the past 10 years. 'Ibis docli-
men 1t Conit alus c lass~ifried in forwat ion that supplIement s the Luic Iass if i d
daIta LUnd gulid,1ncO Conlta ilnd ill V0ol Luite 1

V

UNCLASSIFIED



UNCLASSIFIED
(Il) 'IAl4i.0 CO LDN'I':TS

Page~

i\IS'1Il.C[',' ii i
v. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1,I 30111 :•• k) . . . . . . . . . . . . . . . . . . . . . I. . . . . . . .. . \'

1.1SF 01: LItI,-1S VI' ONS . . . . . . . . . . . . . . . . . . . . . . . . vii

111ii,[ OF 'I'A l GS . . . . . . . . . . .\.;. .K .I.l........... . ..... . vi

1N'rt•crouItN . i.o.................................. . ...

t L2l•1 SINGe-in \giI illProbabKILL ABILITybY .C.o.t.c. .o.. . . 2

I . I introduction . . . . . . . . . . . . . . . . . . . . . . . .
1.2 Single-linglageilient Kill Probability by Contact Rounds ... . 2
1.3 Small-Arms and 23-nwV57-nmm Optical Systems ..... ......... 4

C1I\11rEI 2. &SLLL-AIPMS WiEPONS clACTrLuISrICS ....... ............ S

2.1 Introduction ........ ........................... 5

U[Arl-iR 3. ARWKR •N\LlRIALS 01AP\CTEIRISTICS .... ............. .... 31

3.1 Introduction ........... ....................... 31
3.2 Aror Types ....... ....... ....................... 31
3.3 Threat Defeat ...... ...................... ..... 35
3.4 Analysis of Ballistic Variability/Reliability Factors , . 36
3.5 Projecting Ballistic Performance ................ ..... 43
3.6 ýerit Rlatings ....... ..... ...................... 47

CIIAPTI!R 4. PROJECTILE VELOCITY SLOWDOWN 1ThROUGH LIQUID .......... 50

4.1 Introduction ........... ....................... 50
4.2 Fluid Medium Characteristics ....... ................ 50 .

I,1Ii'ATUMIU CITI). .......... ............................ .53

.ISTRI I3....ION 54

vii

UNCLASSIFIED



YMS NAM, 3W fll VN

UNCLASSIFIED

(1Ij 1IST' (11: I1.1tlS'I'IA'I'IONS

t (C) 7.12-nl1 liai ll I H1Illet Tl'vw i'h'y. ic:,I Ihll-cesioIIM ( ), . 7

( C) ( 7.02-rull Ba tll II1ivt Type HPS (tH) .. . . . . .. . .. 8

3 (L') 7,o.2-imii Bal iB llet TypL, I, ( i) ....... ..... 9

4 (C) 7, ?2-nuti AN1  1B1.111et rypk, B% [.1) . . . . . . . . . . . . 10

5 (C) 7.U2-mum All Budlet T'ype li-32 (K1 ...... ........... 11

b (C) 12.7-inm API Bullet B-32 (11) .... ............. .... 12

7 (C) 12..7-imn API-T Bl'ullet 1ype BZ'T' (1J1 ............. ... 13

8 (C) 14.5--nun API Bullet 'Type B-32 ().) ................ 14

9 (C) 14 . 5- ]l All A1-'1 Bullet 'TyIpe BZT (Ul) ...... .......... IS

10 (C) 7 .62-mi Hleavy iachinegun SG-43/SGM (API Cartridge
B-32) (U) ...... ..... ... ....................... 25

11 (C) 7.62-nmi Machineguns SG-43,/S*I, RP-46, and 1)P/l)PN (Ball
Cartridge LPS) (U1).. .......... ....... ..... 26

12 (C) 7.62-mm Hleavy Machinegun MONU8 Maxim (ChiCom Type 24)
(Ball Cartridge N147) (U) ........ ................ 27

13 (C) 12.7-nun Heavy MachineguIL M38/46 (API Cartridge
B-32) (1I) ......... ....................... ... 28

14 (C) .50 Caliber Machinegun Browning M2 (API Cartridge
M-8) (U1) ........ ........................ ... 29

15 (C) 14.5-fnn AA Heavy Machineguns ZPU-1, ZPU-2, and ZPU-4
(APT Cartridge 13-32) (U) ..... ................ ... 30

16 (C) Armor Performance (U) ...... ... ................ 3'8

17 (C) l)istributions of ']ihreshold Velocities and VS,) Avetages
of Sample Size "N" (1I) ........ ................. 40

viii

UNCLASS IFIED



UNCLASSIFIED

P igot

S l~~,[HVl' 01 ILIM 511TI 'IIONS (C;ON TI)

18 (C) Pvl onmitk,itojjCO of I lolniogclwOuLs Arnor Materials Against

Anner-Piircing Projectiles at U Degree (bliquity (u1) . , 44

t9 (C) Perfonitance of Composite Armor Systems Against

Steel-Cuored, Armor-Piercing Projectiles at a I0egree

Obl iquity (LU) ............. ..................... 46

201 (C) •xmxaple Showing Projected lieavy Caliber Armor
lPerfornance From Small-Arms Wallistic Data (U). ..... 48

21 (C) Residual Velocity V of Penetrator Through a

Liquid (U) ....... ........................... 52

ix

UNCLASSIFIED



UNCLASSIFIED
(II) L 0: TABII' I S

STable Pg

IC) LCkwull11ui t WeaponI l'ol i I'rert !ion (1)) . . .. .. . . . 9

IL (I) AXniior Peno'tirat ion 1U)t i i Lj,,) 111111 Isail Ca rtrid .lD.1.. , 0
Type I'S (U)

III (C) Arnir Penetrationi Data 7.(' ti n Ball Cartridge
M1943 Type IPS (U) . . . . . . . . . . . . . . . . . . . 17

IV (C) Armor Penetration Duta 7.o24 -imn API Cartridge

nun APN Cartridge M1943 Type lZ (U) ......... . 18

V (C) Ar;tor Penetration Data 7.u2-inu API Cartridge
rype 3B-32 (11) ........ ...................... ... 19

VI (C) Aimor Penetration Data 12.7- nn A11I Cartridge-

Type B.-32 (U) ......... ....... ....... ..... ... 20

VIt (C) Arimor Penetration Data 12.7-nun API-T Cartridge
Type t3ZT (U) .......... .. ...................... 21

VIII (C) Annor Penetration Data 14.5- nun AI Cartridge
Type 1332 (U) ............ ...................... 22

IX (C) Armor Penetration Data 14.5-nn API-T Cartridge
Type BZT (U) . . . . . . . . . . . . . . . . . . .. 25

X (C) Soviet 14.5-mm Antiaircraft Machine Guns, ZPU-1,
QPU-2, and ZPU-4 (U) ..... .................. ... 24

XI (C) Projectile Characteristics (U) ............... ... 45

XIl (C) Com•non Aircraft Fluids Characteristics (U) ......... 51

x

UNCLASSIFIED



UNCLASSIFIEDI(U) I NTh.OI)JCI' ION

- (U) This docLulc't Colltains cilas ifIe d illfoniuiation that is to be used in
L. • conjunction with tile unclassitfied Volune I "Small-Arms Ballistic Protec-

tion" of LISAAMKI)i. techiical Rcpouzt 71-41A "Survivalbilty I (-gn 'uid- fotr
U.S. Ariy Aircraft". Together, these dociuments comprise the latest
information and guidntnce to hb used fur design and incorporation of small-
anrs ballistic protection feature in U.S. Anmy aircraft. 'lhe information
includes methodology for prediction of ::inglc-shot kill probabilities,
hostile small-arms threat data, armor material characteristics, and pro-
jectile slow down through liquids information.
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CIL ALITIE.R I

(C) SIN(1.I, LNC 1t'AFIIIN] KILL.. PROIMABILITY WU

I.1 (U) IN'lIRM1JC'r'LON

U) 1he data l prr.ctlte d hu'n'ill i. tk supp h'mert that contained in
paragraph 1.3 of VoltuBCe I (USARIMI, 'lchnical Report 71-41A). It is a
methodology for doteniiiining s ingl'-e'ngagemenlt kill pihrobabil it ies of
hours t-fi ired small -aeS Wn d air defense gun sys tu•s, 'is exlpres.sion,
called the salvo fire equation, asstuMeS complete "dependence" or correla-
tion between rounds fired in a burst.

1. 2 (C) SINGLI-BUXGAIUMNI' KIIJ.L IROBAMIIAY!. •NIAi''RUD U

(C) Assmtuiing target detection, projectile firing, or lauincd, and assivining
that all components of the hostile system1 have functioned ats designed so
as to deliver thc" projectile to the vicinity of the target, the single-
engagement kill probability (W)K) is deteiiined as follows. For burst-

fire weapons, the probability of kill within a burst is given by:

B + +,++
~ien~~: ( NR 1 AV AV,)

This is the dependent or salvo fire form of the equation for attrition for

asingle burst. The probability of kill for the entire engagement Is

PK/m! = " i- ITO (1-PK/Bi)jc

i=l

where j equals the round number 2nd i is the burst number in a series of

K-bursts.

2
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AV • The total target vulneraile area seen by the weapon
(square meters)

. bias errors (sttadard deviation, meters)

ORi IDispersion errors (standard deviation, meters)

IiNi NU111blvr 01'" rounds firt'd ill 3 i lullSt

i i.i'trol" due to target iialleuver (Zero if rno evasive target

Imnoileuvers are CiiIployed) , Wili ( j j ! (Nil -.1

'1le levels of kill mLlst ho considered in the analysis. For rotary-wing
aircraft, they are attrition (AN1), forced lwnding (FL), and mission
abort (MA), For fixed-wing aircraft, they are "I'," "Ik," "A," IS," "IC,"
and "E."

a. (U) Attrition level kill for a rotary-wing aircraft would be:

-l - - ,KA 7T K KA ITSV K Np" KF1

where PK 1, represents the probability of kill for single
vulnerabe• •romponents, and PK and PK are the probabilities of
kill for the near pilot and nf pilot kor copilot), respectively.
These last represent multiple vulnerable components.

b. (U) Forced landing kill probability for a single engine, single
pilot aircraft takes into consideration only single vulnerable
components are:

PKFL PKFLSV

where PK represents the probability of forced landing for single

vulnerabW ~components.

c. (U) Forced landing kill probability of a twin engine, single pilot
aircraft must consider both single and multiple vulnerable
components as follows:

P L 1 (1 - (I - P ;ý F1 )
KL KFLSV KN. KFI

3
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%ldi'itP' H ii. and I' are the pirlk i I it ics ti" forced landiiig kill

fltI tII ' it'IIV 1 u0 I ill I llld HI'Ik I •; I g•illgW, Ilkp Ct i Ve ly . QL)

1.3 (Cl ) S•M ,IJ.-A\tOIS .XNI) ": 2 .1 l1/ 57-,NIN 011 l :,\l. SY.STIN S• 0 0J

IWi 1 1 liL Ii II y Pt 1 Clit cu i I Tl"est (MNl ') t ilat i011, f'i' oUjt itCHI I y U i rected

R 
J

u (tils) 8 + 130 ."

S'(meters) L 1) (WIlil.) ' 1018.59

tagt (aIwi per X secnd

Li0Uni~) .287 + I1,40 + ,53t3

V mir I v i (meter
S-Slanterange t1) target 1018.59

'rR2

For 14.5-mm and 23-nmn, and S7-rni optically directed systems , *l 0.274 VT,*

6 = Angular rate of the line-of-sight between the weapon and the
target (radia•ns per second)

VT1i Target velocity (meters per second)

=m Slant range to target at crossover (meters)

R - Slant range to target (meters)

= Bias errors (standard deviation)

T = Dispersion errors (standard deviation)
(T = Total gun system errors (standard deviation) if dispersion

errors are assumed to be independent and randomly distributed
about the target

4
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CI W " I'I lR A

(C}I SAMA1, AI, l. MAI NS U LR('T I'RI 81I(S.S (IJJ

I. M 11) INTrVIUi.JIION

ill) hli.i S v'ctioll WntiiiiLi Classilfied data Oil Sllia11-al-anuS WVeap)0}IS th',1
qp llments the Lnic lass if tld in formattion cont ained in Sect ion 2 of

Volhuni I (LUSANIMj )I, 'Techini cal Report 71 .4 1A).

(U) Tab le I shows tile C1,rrelit d ist fihut iol of representative smull-aniLs
weapons (12. 7-1nui anld 14.5-liil) aund tile 23-m weapons in COWinunis t Bloc
cotuitrics. Figures I through 9 provide available data onl ball Uid
armor-piercing projectiles. This type information is used in predicting
the response of materials to ballistic impact.

(U) Tables 1I through IX provide data on the penetration capabilities
of a representative range of small-arms projectiles for homogeneous steel
and aluminum anior at various ranges. Table X provides characteristics
and performance data on Soviet 14.5-imn antiaircraft machineguns.

(U) Figures 10 through 15 show the altitude and range capabilities of
representative small.aris weapons for a range of elevation firing angles.
This informiation is useful in evaluating the capabilities of hostile
weapons against aircraft at various altitudes and offset ranges.
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F- 0.3 • , 0.22 DIA
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0.15

BULLET PART MATERIAL WEIGHT (GR)

JACKET LOW CARBON STEEL, 34
GILDING-METAL CLAD

CORE LOW CARBON STEEL 55

FILLER LEAD 33 4

Figure 1. (C) 7.62-nm Ball Bullet Type Physical 1imensions (U).
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0.16 DIA

1.2 IN

0.91 IN

0. 20.23 DIA

0.09

!.0.27

DIA

BULLET PART MATERIAL WEIGHT (GR)

JACKET LOW CARBON STEEL,
GILDING-METAL CLAD 39

FILLER LEAD 36

CORE LOW CARBON STEEL 73

Figure 2. (C) 7.62-mm Ball Bullet Type LPS (U).
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0.05
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1.45 IN.
1.18 IN,

0.5 5 0.240 DIA

0. 85

0.20.25

+_0.310..

DIA

BULLET MATERIAL WEIGHT (GR)

JACKET LOW CARBON STEEL,
GILDING-METAL CLAD 31
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Figure 3. CC) 7,62-mn Ball Bullet Type L (U).
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CORE HIGH CARBON STEEL 62

FILLER LEAD 17
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8

Figure 4. (C) 7.62-m API Bullet 'IType Z U).
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INCENDIARY ALUMINUM, MAGNESIUM,
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Figure 5. (C) 7.62-nm API Bullet 'Type B-32 (U).
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2 5'4 1IN.

2.07 IN
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0.511
DIA

BULLET PART MATERIAL WEIGHT (GR)

JACKET LOW CARBON STEEL, 177
GILDING-METAL CLAD
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CORE HIGH CARBON STEEL 463

INCENDIARY ALUMINUM, MAGNESIUM, 16
AND BARIUM NITRATE

Figure 6. (C) 12.7-rmn APN Bullet B-32 (U).
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CORE HIGH CARBON STEEL 256

SHEATH LEAD 98

INCENDIARY ALUMINUM, MAGNESIUM, 16
AND BARIUM NITRATE

TRACER CUP MEDIUM CARBON STEEL, 105
GILDING-METAL CLAD

TRACER IGNITER MAGNESIUM AND
BARIUM NITRATE

TRACER ALUMINUM, MAGNESIUM,
AND STRONTIUM NITRATE

Figure 7. (C) 12.7-mm API-T Bullet Type BZT (U).
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INCENDIARY
COMPOUND

-035-v0

LEAD FILLER

2.612 IN. JACKET

2. 095

.015

.968

.875 LA .41375

CORE

BULLET PART MATERIAL WEIGHT (GR)

JACKET LOW CARBON STEEL, 216
GILDING-METAL CLAD

SLEEVE LEAD 77

CORE HIGH CARBON STEEL 633

INCENDIARY ALUMINUM, MAGNESIUM, 19
AND BARIUM NITRATE

Figure 8. (C) 14.5-mm API Bullet Type B-32 (U),

14
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p- f-o.io
DIA

2.68 IN 0.485 1.3
DIA

~Ip1.06 
0.I0.17

0.965 o,

0.36

0.585

BULLET PART MATERIAL WEIGHT (GR)

JACKET LOW CARBON STEEL, 271
GILDING-METAL CLAD

CORE HIGH CARBON STEEL 370

SHEATH LEAD 75

INCENDIARY ALUMINUM, MAGNESIUM, 24
AND BARIUM NITRATE

TRACER CUP LOW CARBON STEEL, 141
GILDING-METAL CLAD "1

TRACER IGNITER ALUMINUM, MAGNESIUM, 5
AND BARIUM OXIDE

TRACER ALUMINUM, MAGNESIUM, 28
AND STRONTIUM NITRATE

Figure 9. (C) 14.5-mm API-T Bullet Type BZT (U).
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TAMI.L 11f. (C) Ai'WkR PITNIA1 0ITI ON IK)AIA, 7,u2 'k! 'IALL CARI'MIX;EL, N11943
'rYII i'S (U)

ILt'z Il ia.., iLt1 'l icIkncss (11.)

A - Variablv Vveloci ty Rulge (X)iqLiity (d9g)
Range~ NuLut 1,1 Ai/j~si 1)~ 4; 60

I hlliogernetos 710* 0 0. 1 16 0.080 0.05( .0.030
St1c IM) . I10 .079 .0S• 1 ,fl4

300) .08(1 .0M4 .044 .029
500 .070 .052 U.30 .(125

I ,o)O .044
I kongeneous 0 .35 .20 .17 .A1l

a hunintun 100 .32 .24 .1J .10
300 .26 .19 .13 .09
So0 .21 .16 .11 .08

1,000 .13

"*For a mIuzzle velocity of 735 ri/sce, Increase all penetrations by 7

percent.

Plate
lhickness Velocity Obliquity (dog)

B - Variable Velocity Material (in.) (m/see) 0 30 45 60

! lonlogeneous 0.020 710 Y Y Y Y
steel 610 Y Y Y Y

305 Y Y Y N
.125 710 N N N N

610 N N N N
305 N N N N

.SO 710 N N N N
610 N N N N
305 N N N N

Homogeneous .020 710 Y Y Y Y
aluminum 610 Y Y Y Y

305 Y Y Y Y
.125 710 Y Y Y N

610 Y Y Y N
305 Y Y N N

.50 710 N N N N
610 N N N N
305 N N N N

IOTE: Y - Projectile penetration
N = No projectile penetration

16
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TABLE I 11. (C) AI CON•R Fl DEN ITA, 7,62-NI BA. CAJUTRhi1, M1943SI•I)E LP S MU

NMuzzle Material Thickness (in.)
A- Variable velocity ti~ige Obliquity (dug)

Range Materia I (n/soc) (in) 0 30 45 00

Ik)iigencous 825* U 0.255 0.189 0.123 U.079
steel 100 .233 .174 .115 .075

300 .189 .141 .097 .064
500 .154 .14 .079 .055

1,000 .097

I lonmagencous

aluimnun 0 .76 .57 .37 .24
100 .70 .52 .34 .22
300 .57 .42 .29 .19
500 .46 .34 .24 .16

1,000 .29

*Represents the average muzzle velocity of various weapons firing this
cartridge. For a muzzle velocity of 805 m/sec, decrease all penetra-
ticns 5%; for a nuzzle velocity of 850 m/sec, increase all penetrations
by 6%.

Thickness Velocity Obliquity (deg)
B - Variable Velocity Material (in.) (m/sec) 0 30 45 60

Steel 0.020 825 Y Y Y Y
610 Y Y Y Y
305 Y Y Y Y

.125 710 Y Y N N
610 Y Y N N
305 N N N N

.50 710 N N N N
610 N N N N
305 N N N N

Aluminum .020 710 Y Y Y Y
610 Y Y Y Y
305 Y Y Y Y

.125 710 Y Y Y Y
610 Y Y Y Y
305 Y Y Y N

NOrE: Y - Projectile penetration .50 710 Y Y Y N
N - No projectile penetration 610 Y N N N

305 N N N N

17
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ABIlIl IV. L(C) AI0-11, IP1NI TRAI'ION IATIIA97. 62-4Il API
C:AMI RI•I(, Il 9I43 I'l~il P1 H (IL)

,L%•",zlN at vrial Tlhic;kn ess (in.)A Variab•e Iange Velocity IMnge O1liquity ideg)
Kiter 2 ul ill/sec) ( N)it.4 (4n.)

I loilogeneol" 7 10* 0)(. 38 0.,28 0).18 0. 1
steerl 1010 .31 .214 ,15 ,]0

500 z24 .18 .12 .0H

500 .18 .14 .1oU '(0

I 0lmogeneous ) 1. 14 .84 .54 .36
ahlunn~u 100 .99 .72 .45 .30

300 .72 .54 .36 .24
500 .54 .42 .30 .18

* For a muzzle velocity of 735 m/sec, increase all penetrations by 7%.

B- Variable Velocity Thicluess Velocity Obliquity (deg)
Material (in.) (m/sec) 0 30 45 60

Steel 0.020 710 Y Y Y Y
610 Y Y Y Y
305 Y Y Y Y

.125 710 Y Y Y N
610 Y Y Y N
305 Y N N N

.50 710 N N N N
610 N N N N
305 N N N N

Aluminrm .020 710 Y Y Y Y
610 Y Y Y Y
305 Y Y Y Y

.50 710 Y Y Y N
610 Y Y N N
305 N N N N

NOTE; Y - Projectile Penetration

N - No Projectile Penetration

18
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'AIIt. V. (Ci Al11l4 IiNjiNLIlNrI ON IA'I'A, 7.()2-4M API tAiRTI I(;,
TYPI B-32 MJ)

Velocity I11inl1gV Obliqtuity (lelg)

A V%'r lab le Iin oo Miitor ial ( 11/sv c (l1lJ 0} 30 45 (60

Iloil110genvolis H5S* 5) 010 .70 li. 1 0.33 (0.21.

steel 100( ol) .44 K2 . 19
lot) .44 .33 .2.1 .15
5001 .34 .' . W1 .12

u ooo~iI NA NA NA NA

I lomogeneous (0 2.11 1.54 1 .00 .66
Salmninurn 1(00 1.82 1,.31 .8o .5•7

S300 1.51 1.00 .66 .40
Soo0 1.03 .77 ,S7 .37

•1 l,00 NA NA NA NA

*Represents the average muzzle velocity of various weapons firing this

cartridge. For a muzzle velocity of 820 m/see, decrease all penetrations
by for a muzzle velocity of 865 mn/see, increase all penetrations by

Thickness Velocity

B Variable Velocity Material (in,) (m/sec) 0 30 45 60

Homogeneous 0,020 855 Y Y Y Y
steel 610 Y Y Y Y

305
.125 855 Y Y Y Y

610 Y Y Y Y
305

.50 855 Y Y N N
610 N N N N
305

Plomogeneous .020 855 Y Y Y Y
,aluminum 610 Y Y Y Y

" .125 855 Y Y Y Y
610 Y Y Y Y
305

.50 855 Y Y Y Y
610 Y Y Y N
305

NOTEI,: Y Projectile penetration N - No projectile penetration
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'VMI 1,V (C) MA'Ei HlNIUIP'iION' I h\(A 12 .7-WN A11I AWR [KIM ,

'l•YPL 11-32 (U)

Nk•ZZle niturial 'nahiknuss (mn,}

A - Vclocity l.1ngv Obliquity (dug)
VLL1' !h I ILuig, ýkhter i LU LU/scC) 0i1) ( -.,0 45 00

L longneiiols 840 U 1.10 0.8 0.Su U. 306
;teel 100 1.06 .79 .52 .34

300 .86 .o4 .44 .29
500 .70 .52 .36 .25

I loiogoneous 0 3.49 2.59 1.68 1.09
IhunlnmuU 10 3.18 2.37 1.56 1.00
300 2.59 1.93 1.31 .87
500 2.09 1.56 1.09 ,7S

B - 'hickness Velocity
Variable Velocity Material (in.) (1,/sec) 0 30 45 60

Homogeneous 0.020 840 Y Y Y Y
steel 610 Y Y Y Y

305
.125 840 Y Y Y Y

610 Y Y Y Y
305

.50 840 Y Y Y N
610 Y N N N
305

Homogeneous .020 840 Y Y Y Y
aluminum 610 Y Y Y Y

305
,125 840 Y Y Y Y

610 Y Y Y Y
305

.50 840 Y Y Y Y
610 Y Y Y Y

N(TE: Y a Projectile penetration
N = No projoctile penetration
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i\IMA! VII. (C) ARN)R HIMN1 .I'rT I ON I )A, 12.7- in API -'I T L r'R I Xl,I ~TY111: IZT (UJ)

' " izz 1o sator ial Tlhickness (iln. )

Vol0;1ty i3gc O1h1I iqfuitv (dom)
A- Variable RnIige Ahtrial (m/4ec) (111) 0 30 45 60

I IolIo)gonous 8.4 U 0.68 U.50 U. 32 0.21
stool 100 .60 0.45 .29 .19

300 .49 U.30 .24 .17
500 .38 0.29 .21 .14

I 1URogoneous 0 2.03 1.50 .97 .62
a hiduum 100 1.81 1.34 .87 56300 1.47 1.09 .72 .50

500 1.15 .87 .62 .41

Thickness Velocity Obliquity (dog)
B Variable Velocity Maiterial (inl. (i/see) 0 30 4S 60

Iomogeneous 0.020 840 Y Y Y Y
steel 610 Y Y Y Y

30S
0.125 840 Y Y Y Y

610 Y Y Y Y
305

0.50 840 Y Y N N
610 N N N N305

lHomogeneous 0.020 840 Y Y Y Y
aluminum 610 Y Y Y Y

305
0.125 040 Y Y Y Y

610 Y Y Y Y
305

0.50 840 Y Y Y Y
610 Y Y Y Y

NGTr1: Y - Projectile ponetration
N - No projectile penetration
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f'Alqi V VIII I I c A0)MO)R PII:I'IIRM\'I'UN I}AlA, I.5 -MM Al' (:A 'RIi I;,

%iuzz1v Materii al i'ihicss (iil.)

A Variable Rwulge MatL,'ial (m/suc) (in] () 30 .15 60

I 1ou ,,gel IWOLUS

WtVe I,000 0 1 .29 0.97 1). 0.6 5
10U 1,18 .89 ,51 39

1 .0 1.00 .83 .57 .38
500 .),1 .75 .52 .30

,1,000 ,59

I iInOg(IO Ll• LloS

aluminum U 3.87 2.97 1,92 1.23
100 3.54 2,67 1.77 1.17
300 3.18 2,49 1.71 1.14
500 2,82 2,25 1.56 1.08

1,000 1.77

Thl].kiiess Velocity Obliquity (deg)

b - Variable Volocity Material (in.] (m/sec) 0 30 45 00

Homogeneous 0.020 1,000 Y Y Y Y
steel 610 Y Y Y Y

305
.125 1,00( Y Y Y Y

610 Y Y Y Y
305

.50 1,000 Y Y Y N
610 Y N N N
305

l lomogeneous
aluminum .020 1,000 Y Y Y Y

610 Y Y Y Y
305

.50 1,000 Y Y Y Y
610 Y Y Y Y
305

NOTE: Y Projectile penetration
N - No projectile penetration
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'.ALI.E IX. (C) AIt\K)R P•,iNEIRNTI-ON DATA, 14.5-4M AP -T CARTRIDGEIi,
W'IYPIll Z' (U)

Muzzle Material Thickness (in.)
A- Variable Range Volocity Range Obl~ility (deo)

Material (11/see) JML 0 30 45 60

lo-rogeneous 1,000 U 0.76 o.5b O..3b 0.23
steel 100 .67 .50 .33 .22

300 .60 .45 .31 .20
500 .51 .38 .26 .18

1,000 .32

I lomogeneous 0 2.28 1.68 1.08 .69
aluminum 100 2.01 1.50 .99 .66

300 1.80 1.35 .93 .60
ý00 1.53 1.14 .78 .54

1,000 .96

B- Variable Velocity Thickness Velocity Obliquity (deg)
Material (in.) (m/sec) 0 30 45 60

Homogeneous 0.020 1,000 Y Y Y Y
steel 610 Y

305

.125 1,000 Y Y N N
610 Y
305

.50 1,000 Y Y N N
610 N

Homogeneous 305
aluminum .020 1,000 Y Y Y Y

610 Y
305

.125 1,000 Y Y Y Y610 Y
305

.50 1,000 Y Y Y Y
610 Y
305

NOTE: Y = Projectile penetration
N = No projectile penetration
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I'ABI X. (C) SVIF.'' 14.5-41 A'WIHAIRCRAF' NIACilIN1E 1IJNS,
Z1)lJ- 1, CI)PJ- 2, AN9 WlIJ 4 ('li)

CILCTUiRIS. ANIP PI A'h )1,WN',

Twi iin TI"w 'ii

Sing i ZJtI- I hQ1 iolnt I ( old II)t} 210-.1

ia I ib r (,ull) "1.Ii .5
Lte 1 '.th OV'eri11 I1lt)

(travel position) I1.3 12.7 11.o 15.2
(Civing position) 11.5 197 .2 15.3

Height (.ft I tntlvA nt iIioni 1 .1,1 3.0 0.0 7.5
fi r ing ipos it i on) 7.0 3.6( 7,5 8.8

Weight (Ib) (traveI position) 910 F%8 219 3990
friring posit 110 1429 141)7 3990

Mlevation (deg) -8.5 to -15 to -3 to -8.5 to
+880 +850 +90°0' cl'r,.ese 3dg () 0

Rate of fire ( 2/mina per
narrel)

(Cycl ic) 60o
(praL.cticaI *1 50

Muzzle velocity *3,281 ft/sec *',000 rn/s
"HMaximun range (vertical) *16,400 ft *5,000 mi

(horizontal) *7,655 yd *7,000 fi
, Tactical AA range ",600 ft 141,400 in
Tracer burnout range CAPI-'r) *6,232 ft *1,900 111
Fire control. (on carriage)

'v\ fire *Optical -mechanical computing sight
Ground fire *'Telescope

(off carriage) *None
Almunit ion

Types *API(B-32), APII-T(I(ZT), I-'T(ZP), IU11(MDZ)
Tracer color Orange-red
Weight of projectile,

APT(B-32; ALI-T(13BZT) *0.142 lb 0.064 kg
Armor penetration

00 obliquity (AI'I) 550 yd (500 m) 1,100 yd (1,000 n)*0.94 in. (24 nun) *0.59 in. (15 nun)

Air transportable Yes
Associated electronic

cqO i pment None

*Applicable for each system.
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QL001UR 3

(C) AU•IUIR RAITIMIRIAS (LAiAL71'rRISTICS (U)

3.1 (U) I NIROI)(ICl I ON

(U) This section contains classified data on armor materiuis that supple-
ments taivlassified inforiiation contained in section 3 wid Appendix I1 of
Volume I (.JSAAUUI)!. Technical Report 71-41A)

3.2 (C) AMUIOR TYPES (U)

(U) The following is classified infonination on armor types referenced to
in Appendix II or Volume I.

3.2.1 (C) ,,TAL-CIiRAMIC COMIPSIT'IiS (U)

(C) Limited Information is available at this time regarding purely
developmental work on two armors of this type. In one of these cases,
mushroom-shaped inserts of alumina (A12 03) are set in a perforated
aluminum alloy and backed with a magnesium-lithium alloy. Preliminary
tests indicate a velocity merit rating of approximately 1.85 against
caliber .30 anror-piercing wmninition. In the case of the second, metal-
ceramic composite, spheres, cylinders, and other noncoplanar ceramic
shapes of A1203 alumina have been cast in aluminum. Preliminary work has
indicated a velocity merit rating of about 1.5 can be obtained with this
configuration, against caliber .30 armor-piercing ammunition. In both
of these, additional developmental work Is under way, but at the present
time, neither of these composites can be seriously considered for
inmnediate armor design purposes.

3.2.2 (C) MIErAL-ORGANIC COMPOSITES (U)

(C) This class of composite armor is at a stage where a screening program
has been accomplished in which various metallic alloys (steel, titanium,
aluminum, and mgnesium) were backed with materials such as polyethylene,
and bonded and unbonded nylon. To date, none of these composites have
shown much promise, especially against small-arms armor-piercing
projectiles.
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3...3 (C) NU1HAL-ChII-OIGAN I T(XIIOSI'S (I1)
LJ

kCk C)u t.0•h loble wurk lmi.*vs I• d l r r•c..nt ) ars In tho dcvcl
oilnent anod ballki.stic te.sting oi c0tmpo•Iltos or this type. Iorumost iunong
the.e are those involving 94 lpurcunt aluliuni (Al A) 3) ilI coLbinatiuo with
altulintun alloys of the 202.1, 50(83, and 7039 caLtegor ies and with 6AI .IV
titanitun alloy, Bo ron carb ide (1qC) in combti nation with t5083 aluwilinuili
alloy represents another COmlposito of this type. Mhile thosv composites
are inferior to some o0' the cermuidc-organic aniuors theyLi do offer signif'i-
cantly higher mlerit rat ings thaln ost of the aMnuors discussed previously,

3.2.4 (C) SAIV1T1 MLASS (U)

(C) Safetee glass is composed of two or more layers of glass bonded by a

transparent organic material. It has good multihit capabilt ties apainst
caliber .30 ball M2 projectiles. Approximately 17 lb/ft 2 areal density
(2.25-inch thickness) is required for full protection against this threat.
An areal density of approximately 30 psf would be required against caliber
.30 AP N12 projectiles. The material cost is comparatively high compared
with the cost of some of the more basic armors. Better materials are
available, however.

3.2.5 (C) LAMINATED BONDED ORGANIC COMSITES (U)

(C) Some of the developments in this field represent significant improve-

ments in the field of transparent armor. While a nUnber of composites
have been investigated, stretched Plexiglas is common to all of the best
materials in this category. In general, the effectiveness of such armor
against armor-piercing projectiles is largely due to the ability of the
lamina to deflect the paths of projectiles rather than to break up the
core, as is the case with hard-faced armors. These composites are not yet

at the stage where they can be used for current armor designs. In general,
however, it can be said that velocity merit ratings in the range of 1.0
and 1.1 against c.:aliber .30 ball and armor-piercing projectiles are
obtainable from the best of these composites.

3.2.6 (U) LAMINATED BONDED INORGANIC COMPOSITES

(U) Development work in this area has been more limited, and available

data indicate that experimental armors of this type are little, if any,
better than commercially available bullet-resistant glass.

32

CONFIDENTIAL



CONFIDENTIAL

3.2.7 (C) IAMINTXLl lBONlIA) INURGANI C-ORGANlL. CON( PSI'HS (UI

(l Anaoris of' this type are also callcd bilphasiccoiripositu. and glass1
0W.stic cumipos.itos, Included ill this catcgol'y .re such )1ate i Ik as p1 atu
glatss, [IN'rex, chemlically St. - ..vn vd and , 4.. i n ii vuriOUS

ctmib illat i1olln and conliil gulrit iolsl wi tlh Lxan) polyvIlnyl , hbatyru Il, ledlor,

Qtc . T1 .N IVcprc r'l.t :i .'t3 1 1 i iclt advalnice iII t anslspa rel it iin1o r A' Vu I op -

Iliclt, Maid p1rovide, veluci ty i LL, 1 'I ratings 'I" highi as 1.30 aa1li. st cililbci
.30 ,ill 1a1nliitilitiol i, I l addition, cumlipositts ill Which tile glass portion
(PhaiseO) is chwniica 1)' strligthtlitd glass or fused s ili ca, al' c['fectiv e frr
arinor- pierching projecti lcs. Sp)cCificiillyv, those C'onttlinni p fuSUd siliica
are capable 0t, Velocity i ile Fit ratilags up to approx illately 1.2 agal nst
7.e2-mmii APM0I projectiles, accordingi to early data.

3.2.8 (C) ,hPAC1I) ANINOR PRO'I'It I(N N111.I0ANISM (U)

MC) Lasicalvly, the special protection capabilities of spaced arlior result
from the ver.'y existence of the space itself. In some cases, additional
advantage is gained from the type and arrangement of the elements that
comprise the arilr system. Although thlse differencUs do have an effect
upon the details of the projectile penetration process and thus upon the
mechanism by which the annor defeats the projectile threat, in general
these processes are basically the same as in the case of solid armor.

(C) In general, the projectile penetration process becomes a multistep
event, rather than a single proces. Depending upon the nature of the
first (outer) element of the spaced armor system, the protection mechanism
may be solely one of energy absorption or it may, in addition, tend to
produce projectile shatter and/or partial deflection. If and when tile
projectile or projectile fragment finally impacts inner elements of the
armor system, the basic process is repeated; in this case with a pro-
jectile much of whose kinetic energy will have been spent. Individually,
these separate penetration/protection mechanisms are similar to the basic
ones discussed for solid armor. As in the case of solid armors, the
details depend upon such factors as armor type, projectile type and size,
impact velocity, impact obliquity, etc.

(U) A number of types of spaced armor systems have been evaluated for
purposes of information. Five basic types of spaced armor are discussed
briefly in the following paragraphs to give the designer some general
information on this special type of armor. 'These basic types are:

a. (U) Angularly spaced homogeneous metal plates

1. (U) Drilled metal/Doron ar•or
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C. (U) Tipping plate anLo1

U. (U) lhardvned steel bar/steel plate spaced armor

e. (U) Certutmic spaced armor

3.2.9 (C) ANGUIARI.Y SPAUED IK;BNU EOUS MuIAL PIA'I'LS (U)

(C) Spaced armor of this type consists of homogeneous metal plates set at
various distances apart and normally at a nominal obl iquity of I5 degrees
to each other. The front (outer) armor plate is normally set at the
45-degree anglo to the probable projectile path, and the rear (inner) plate
is positioned normal to the mounting structure or aircraft component being
protected. A maxilMUmi velocity merit rating of 1.09 was obtained against
14.5 mm projectiles by a system of this type using a combination of armor
steel and alumniun. No results of any testing against such systems using
more advanced armor are currently available.

3.2.10 (U) DRILLLD MIETAL/DORON ARMOR

(U) A second general type of spaced armor system is that composed of
drilled metal frontal plates backed with Doron and spaced 4 inches in front
of Doron stopping plates. An armor of this basic type has been used in
one helicopter application. The best results to date showed a velocity
merit rating of 1.14 against 7.62 mm ammunition at an areal density of
13.4 psf, using titanium as the drilled metal frontal plate. This excels
the results obtained on similar drilled steel sheet/Doron arrays, which
do not significantly excel standard steel armor.

3.2.11 (U) TIPPING PLATE ARMOR

(U) In spaced armor systems of this type, the success of the armor array
depends upon tipping or tilting the impacting projectile so that it can
then be retained by a stopping plate set some distance behind the tipping
plate. Although such armors have been considered in certain aircraft
(helicopter) applications, like most of the spaced armors, they presently
offer greater potential in boat and land vehicle installations than for
aircraft armor design.

3.2.12 (C) IWARDENED STEEL BAR/STEEL PLATE SPACED ARIOR (U)

(C) Probably the most promising spaced armor system developed to date
consists of various hardened steel bar arrangements spaced in front of
aluminum :r steel stopping plates at standoff distances ranging from
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5 to 17 irches. Most of these arrays exhiibit hi gh-vel~city merit rlltillgs
r.iang frtomI'I 1.3 to 1.4 against call iber .31) ait ror-pi ercinlg p ruo ect i us,aunld uip t) 2.05 agaIist 14.5 m All PS-4! prUj Cct i L.. As mentioned itl a

more gcniciirtl way eairliCr ill this section, ballistic limits, and thus 1iierit
rnting::, "'or thl; typic or aniiii htovv bliiw s.ubjct to slitlt degree of
variation, 0nd aldditionlal work is retmuired in order to establish final
valia,.s.. Additi iwal testing is also hminp done to arriwv snt An optirm'.uo
clnlfi gUl'at i l1 ai•a ills t cal I her . SO anmior-picrc i ng auilituli tion.

MC) At this time aind while the additional developmniit wnrk continues,
armno of' this type will not he iiuncdiately available. It is anticipated
that when the aoiloor becoities available, it will he reasonably low irl cost
Luid will e a good candidate for aircraft arnor, especially because of a
good multiple-hit capability and hiigh-grade ballistic protection properties.

3.2.13 (C) CERAMIC SPACED ARMOR (U)

(C) A final general-typo of spaced armor of current interest involves
alumina spheres and cylinders imbedded in foamed plastic or aluminlii
honeycomb, and placed at a preselected distance in front of aluninum or
bonded nylon armor plates. This developmental-type spaced armor has shown
velocity merit ratings falling over a rather wide range, but high enough
(over 1.5 in some cases) to warrant further consideration. Early results
also indicate a possible advantage because of the probable ease with which
damaged armor can be repaired.

3.3 (C) TIIREAT DEFEAT (U)

(U) There are two methods by which armor can defeat an attack by pro-
jectiles or fragments, The methods are energy-absorption mechanism and
projectile shattering.

3.3.1 (C) ENERGY-ABSORPTION MECIIANISM (U)

(C) In cases where energy absorption is the primary attack defeating
mechanism, this absorption is accomplished principally by plastic flow of
the armor plate, and is primarily a function of material hardness and
ductility, (Material thickness and projectile impact obliquity are
obviously additional considerations.) Ideally, the hardness should be
high enough to insure that the plastic flow will occur at a high energ;y
level. Similarly, the ductility should allow for maximum distortion of
the armor before fracture. Unfortunately, ductility usually tends to
decrease with increasing hardness; thus, there are practical limits which
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u1111't 1iot h .. cdd PodthIll I. i'Il it W01 dfctiVlt~ ilteniirwn
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tigi i'-1:11itS tviii ;Io 1 (lst ;ululuLI(LrL iV MIn 'ru iLt iN1- YK W JM)pL !Lt lc jill V a lt I il

\Clylt Hum Iwlls tV/ellrrg lit L'tk\'Lm C,)P' ik J Sv~

3.3,2 (C) PR0JiciiiI qiW'1lTRlNL; (W

IC At tile 11i gi~ )ld', Qulo I. I C' VU IOC i t irfs'n, 11d VSJ)U1.C i 0 V i 1! Li. CI V D f
a 111o -11 incrc Ilug pr) 1M1 c:t ilIL'S , Is oSýý0f II ti le it, 1rgy - ai)5o pt. 1 Ci tuechai I sill 'Is the 1
So Ic devce for 101'IlL Iilt lg tile tI ii'uat te~ld~s l.o res;Lt Ill u'nol 1 11,l lilt a]] aI 1ý
WOo hIv IV /o taV\ W h I I k%' Col. Iualy :I i c 'nt f a'1pi I cat I (1ra-ý. Ill ''fOlS to
th i, si toutioln, muich c' foa~ itLl has 01 bern serd to doVe201 op i mio lnd uog
to slhut tur tie attack i ig proj oct ii uponl Impact . hy sn thi s do flonsi
nTC(iecani Sm1, much ofI the energ~y of" the proj ect ii I s S;pvl t p r ior to nov
s igil ii cant penut ra ioul of' tile tiruilur Since thle Sliattorvd proj eCti Lu does,
lion vl.er, hiavo Sonic deg lc Of1 cur rgy left, this viS eneg), ni st bie ahsorhed it)
a dc'k. to p ruTeuit iý1 pes JSi h ili t) Of comp111t let opourt1'alt i 00 01" the arIoll; a
uncut i c'nird prev ionusl 'l1iii Cal 0negycn oi be ubsonbed by iqhato(vel Nl,1li01,
r'cmu iPS behlind thL? impa)LCt sur~fa-Lce. hi the case of I ogXeu lmior,
materials, this backupl conisists onily of the unpenletrated hask: mc~tori al.
1in the Case of armour systems4, primarily Compo)SA tS , this; backu) 1Material
mae ,vConsist of onle Or more layers comprisinig the buckilng portionl of theu
Compos ite plus an)' tuipunctriitod thickniess of the outer layer 'spall and
fragmenit shield)

(U) A-tnors developed for and having somec degree of capabi lity f'or htall is-
j tic protection by initial shattering of' the impactinlg projectile Include

sonir of the high-h-ardness hiomogeneous materials, face-harden-ed steels, and
many of- the comoiT-;te armor systems. Becauso of the surface hardness
reqliired, conisideration mvust be giveni to the possibility of daniger from
spails or other secondary fragments, unless the material itself is of a
has ic niature to minimize such spallhig5 or can be protected by a spall
Shield.

3.4 (C) NNAL.YSIS OF BALLISTIC VARl'\Bý111-'/RLLTlAiHlM,'IY FAC'1QRS (U)

3.4.1 (C) CI:NEM]AI (UI

IC) 'The stwidard cri tenon for establishing the ball istic perfonnianicc of

armior materials is the b.0 allistic 1limi t (Vý,0 BIt). Currently, this is
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a bat;is on which a designeir can select an arnor material to defeat a
spec'ified ballistic thriat. It has lbveen customary to overstate the balliis-
tiC W(',Uil-r11101t hO th~t the 1a111o1 material wil1l linve 11 high probahbi 1 ity ofSdefeating the impacting projectile at the anticipated (rrealistic) threat

SIc%'vc I. '!'h[.n app.-mach i.• t:',ch.k--i,•ly 1,,-ovid, shince tile alluwwl~cQ 11ade for
ha I Iis t Ic varItit)bHIity of the anior Is a rbl1tararl y establIi shed. I loweve r,
it probably reprmntstit tile best approach that could he taike, considering:

tile available ballistic datia.

(U) The ultimate sohltion to thi m iS to ])rovidU the dCsi pner Cwith
measurements a f both the tr'ue, mean balIistic perfonrance and varahi abi ty of
the animor materials. The designer will then be able to select the anror
material that satisfies a specified ballistic rIequ~irement at an acceptable
reliability (probability of success) level. The ballistic threat, as
determined by vulnerability analysis, would be considered without arbitrary
adjustment.

(U) A general discussion of various aspects of armor ballistic variability
follows, with specific empphasis on statistical considerations.

3.4.2 (C) STATISTICAL SIGNIFICANCE OF ARMOR PERFORMANCE (U)

(C) Armor specimens that are identical in appearance and have been pro-
duced by the same production process often have different threshold
velocities; i.e., resistances to projectile penetration. Even various
locations on the same armor specimen may have unequal resistances to
penetration. This lack of ballistic uniformity is due to random varia-
bility of many uncontrollable factors that exists in the fabrication of
armor. In addition, some armor types have a greater spread of random
variability than others. Thus, the probability distributions of penetra-
tion resistance of two types of armor may both have the same parameter
average (V50 BL), above which 50 percent of the specimens are penetrated,
and below which 50 percent are not penetrated by the projectile. But
one of these two armors may have a lesser spread than the other armor;
this means that although their two parameter V50 BL's are identical, their
Vl0's may not be. Graphically, this anomaly may be portrayed as shown in
Example 1 of Figure 16.

(C) '1hus, those testing methods which compare and select from competing
armors only on the basis of the V50 BL possess a dangerous omission of
projectile velocities on either side of the V50 BL. To starkly delineate
this danger, attention is directed to the portions of the two curves in
Example 1 to the left of the V5 0 BL. It can be seen that armor A is
superior to armor B, since the VI0 of A exceeds the V10 of B; that is, the
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EXAMPLE 2

Figurue 16. (C) Armor Perfformance (U).
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velocity (V10) at which 10 Percent of tihe Al)chimens would lhe penetrated is
higher for ann)or A thta IB. Therefore, if in somv actual comiibat application
of armor the probability is high that projectile velocities will be less
than the V.S WI,, then armor A should he used, 'lihe reverse is also true:
if projectilo velocities will pFrobUbly lie higher than the V50 isL, then
armor Rf should be tised. (F{rom knowledge of the terrain and enemy equipment
and emplacement!, operations. analysts c.n estimate the probabiilitie e of
occurrence of various projectile velocities and obliqui ties.) In essence,
one of the basic laws of the statistical analysis of data must be consid-
ered in ballistic tests and in design of protective armor systems; namely,
hoth the average Luod a measure of spread must be estimated for proper annor
evaluation. (This is true only for sviritutric, normal distributions. i he
conmmn and best statistical measure of spread is the standard deviation.

(C) When both the V50 Bl,'s wid the spreads (standard deviation) of two
armors are uncqual, the problem is further compounded, but not impossibly
so. In the second example shown in Figure 16, armor 2 has a higher VSO BL
and larger spread than armor 1; nevertheless, armor 1 is superior in defeating
projectile velocities of 2,500 fps or less.

(U) In smunaxy, the proper analysis, testing, and design of armor systems
require estimates of the V5 0 BL, the spread of penetration resistances, and
the probability of occurrence of various projectile velocities and
obliqui ties.

3.4.3 (C) ESTIMATING ThRESHOLD VELOCITY DISTRIBUTIONS (U)

(C) Since an armor specimen cannot be continuously subjected to a series
of projectile impacts of increasing velocity to discover its threshold
velocity, it would appear that this important, inherent property is not
measurable. Indirectly, however, it is measurable by statistical pro-
cedures known as "sensitivity tests" of "quantal response testing." The
simple basis from which these tests derive the probability distribution of
threshold velocities is the fact that if a large number of specimens were
randomly selected and all subjected to the same projectile velocity
(2,500 fps, for example) then the proportion of penetrated specimens would
be the proportion of specimens with threshold velocities less than
2,500 fps. If additional large samples of armor specimens were subjected
to other projectile velocities, the entire probability distribution of the
threshold velocity of the armor could be established from a plot of these
data on probability paper. From this plot, similar to that shown in
Figure 17, the mean (V50 BL) and the measure of spread (standard deviation)
can be computed by statistical methods.
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3.4.3.1 (C) Re lationship Between the Standard Deviations of Individual
Specimens and Splý._e Avcra.es (U): (C) The standard deviation of
threshold velocities can le related to the standard deviation of a saunle
average, VM(j BL, computed fromti n-tested specimens by a statistical "law."
"This law relates tile standard deviation, a TV, ot individual single r-Widu-
variables to the standard deviation of sample averages, Vr5 BL, n-specimens
by' the fO~llilUla:

V5  I1 - K --

The K-factor here is unity when the n-values are drawn completely at ran-
doa. But in V\0 BL testing, a critical range is imposed, and some data
are thereby selected and discarded. Therefore, the K-factor is an unknown
quantity that requires further mathematical research to establish its
dependence on the rules of ballistic testing. !!owever, when the range is
sufficiently wide and very few values are discarded, the K-factor will
approach unity. Then the formula with K -1 may be used to estimate what
critical V5 0 BL value the sample average must exceed for some specified
reliablity (probability of success) against a designated projectile
velocity threat.

(C) Let us assume, for example, that sensitivity testing has established
that an armor system at a particular areal density exhibits a V,, BL of
2,500 fps and a standard deviation of threshold velocities, u7V; of
1SO fps. Using the equation stated previously the V50 BL is equal to
61 fps when n - 6 (six-shot V50 BL). This information, plotted on pro-
bability paper (Figure 17), defines the reliability-velocity relationship.

(C) From this graphic presentation, it can be seen that the V0 5 (5 percent
probability of complete penetration) of the individual specimens is
2,250 fps (point C). To assure that this level of protection is achieved,
a minimum sample V5 0 BL of 2,400 fps (point A) must be realized. Note
also that, for the particular example chosen, there is a 25-percent
probability of complete penetration of individual specimens at 2,400 fps
(point B), but only a 5-percent chance of a V5 0 BL below this level. The
minimum V50 BL value that will be exceeded with probability P for a
selected reliability against individual impacts can be computed from the
relationship:

Vx TV Z + V BLX fl P% 50
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whse e ZI sp j thv pth pet..' ict ii V roiii tablIes of. tII heciu1m Iati ye Stanudard,

I U I t fltilla I di st Hibut ion.
001 All Lltv-S ý,tU1-,,,-.-nn.m thu t -k....Aitivitv tests wule conducted onl
larlt.' nuI111INhOrso test SpclICI ensCII to Obtain prVckll V1ian -v 0isa1'

3.4.3. (C) -ýma1 I I avifli St at i st i cs (LI: (C2 krge samlplu aý
rare lv forila l tc t illg; Vel'" IV imia II samples ;Ire tile Ienerat ruIle.
Thus ,the, Va cii a i tv ofI c C.t i ate's I i-on "Illal 1 SamplUL c lite vs thle pirob lenil
5 iflCL t10 A111,111 SaU)Iti VS Ill .W'S (01 SiIIamp Ic VMt Unda 'd &cV! It en1S)W will di f fe
coils iderably fronil tin I r ~IL ,a'altU I' %' I I W', . TlIQ~ I rI1 stati M;tical procedure
then is to use Confidence I1 Unit ust ilates or the population parameters ofr
t~io anilier. 'thlese p~arameters are the vatues of thle mean and the standard
deviation, if indeed an inf'inite sample size Of' specimens 'thle population)
WereC tested. It is these0 populat!ion parameters, not thle V50 BI1. of a
sampjle, that are Of paramoun011.1t concern, since they characterize the hugh
natuiber of armior Luits that will be produced in the future. Obviously, thc
sample V50 11. may by cliuuiic deviate considerably from the population mean.
Therefore, confidence l-imits computed from the sample. provide statemeunts
suchi as: "With a 95-percent confidence, the population V50 BI, is between
2775 and 2832 feet per second," This means that there is only a S-percent
prioblab iI Jty that the population mrean is not between the~se two limits. or
it mlay be stated that the V 5 0 131, will exceed, 2,81)0 fps, with a confidcnce
of 90 percent - there [ieing only a 10-percent chance that the population
VS0 131, is less than 2,800 fps. If some other population value, such as
V10, is of interest, then confidence limits at this level may be similarly
c cqp u t ed. The class of statistical method that provides tine afore type of
confidence limits is called Tolerance Limit Estimates.

3.4.3.3 (Ql Deficiencies of Current V5 p 131 Testinig (U) ~ (C) Te V50 hL
testing procedure referred to is that which requires three partial and
three complete penetrations within a velocity range of 150 fps. These
six velocities are then averaged, and this value is used as V50 1W. The
deficiencies of this method are numnerout:, and results are severely erro-
neous from both statistical and practical standpoints. The deficiencies

are:

~ i a. Two ario-rs may have the same parameter V50 BlL, yet not be equally
protective against some spectrum of projectile velocities. A better
and more important parameter is the condition where the probability
of success (reliability) is high, such as V05, for projectile defeat.

b. Sampling variability of small sample V50 B1, estimates is ignored.
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c. The sampic VSU lil. is used as a piarmleter, whereas it could by chance
he quite distant from the true parameter V5 MI..

j, .on,, ballistic duta (i.u., those results outside the specified
velocity range) are discarded. Ali baiistc Jdutu Ahould bc b e, to
define ic th allistic C purwumetv,-s of the armor.

C. The swmple VS0 NI. cUi he intentionally or Luintetiounaltly blascd,
dep'nding on the selected starting velocity diring ballistic evalu-
ation. The extent of this bias is related to the magniitude of the
standard deviation of threshold velocities.

3.5 (C) PRORUIMING BALLISTIC PLRFORMANCE (U)

(C) The ability to predict accurately the performance of armor materials
and systems against various ballistic threats is of obvious interest to
armor development and design engineers. A theory of the mechanIcs of pene-

tration is needed that will describe performance in terms of armor and pro-
jectile characteristics. Significant progress has been made in the area of
the behavior of homcgeneous armor. Tie application of penetration theory
to comqposite artor systems, particularly those with brittle ceramic facings,
will require more study. The response to ballistic impact of both the
ceramic facings and reinforced plastic backings typical of composite armor
system• is a complex phenomenon. It is anticipated that ultimately a
mechanics of penetration theory will be developed for such armor that will
accurately define the projectile-target interactions.

(C) It is desirable to establish a general relationship between ballistic
performance and areal density that will benefit the armor development and
design engineers while penetration theory is being definitized. A method
is described that can be used to predict armor ballistic performance
against artillery armor-piercing rounds. This method involves the rela-
tionship between the kinetic energy of steel penetrators and armor areal
density required to defeat the projectile at service muzzle velocity (0-yard
range) and 0-degree obliquity. Log-log plots of kinetic energy and areal
density are presented for homogeneous steel and several composite armor sys-
tems. Linearity of the curves on the log-log plot is evident over the broad
range of areal densities shown.

(C) Since this relationship is applicable only to steel penetrators, it
has some obvious limitations. By a rather simple modification to this
approach, a relationship of greater utility was developed. The modifica-
tion consists of dividing the input kinetic energy of the penetrator by
the cross-sectional area of the penetrator. Thils modified relationship is
shown in Figure 18, in whidi specific data points are shown for the
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Figure 18. CC) Performance of Homogeneous Armor Materials Against

Armor-Piercing Projectiles at 0 Degree Obliquity (U).
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hO111W.nOLL6 StWel aiiior to indicate agreement with the curve. The data
points for the ahunlnujim and titanliLUn a'11nr mnateriils agree well with their
curves.

(U) The curves in Figure 19 reflect tuneiinul ballistics data. The Vrn BL
values exhibited by the armor materials at three areal density levels were
deteunined for each of the projectiles listed in Table Xl.

(Li) The areal densities selected for investigation represented extreme
values of the rwulge reported, as well as the midpoint. 'Ihe kinetic energy
of the penetrator 1o: each of the V50 lIl, values was then calculated. 'lThe
pen',trator cross-sectional area was computed from the nominal diameter of
the cylindrical section. The ratio of the penetrator kinetic energy to the
cross-sectional area represents the ordinate of the log-log plot in
Figure 18.

(C) 'This particular analytical technique is not applicable to composite
armor systems, since in these systems the impact kinetic energy is dissi-
pated over an area many orders of magnitude larger than the cross-sectional
area of the penetrator. 'lhis results from the fracture pattern developed
in brittle materials. Therefore, the relationship shown in Figure 19 is
for three familiar composite armor systems. This relationship applies only
to projectiles with steel penetrators, and not to those with tungsten
carbide penetrators, which have different ceramic-projectile interactions.
Actual data points based on caliber .30 and .50 AP N12 projectile impacts
are shown for the silicon carbide-boron armor system to illustrate agree-
ment with the curve. It is possible that a kinetic energy and areal
density plot for projectiles having tungsten carbide penetrators would
show a linear relationship, with an areal density shift to higher values

TABLE XI. (C) PROJECTILE QiARACTERISTICS (U)

Projectile Projectile Penetrator Penetrator Penetrator

Nomenclature Mass (gr) Mass (gr) Diem. (in.) Material

Cal .30 Al' M2 166 81 0.244 Hardened steel

Cal .50 AP M2 709 400 .426 Hardened steel

14.5-mm API B32 990 633 .489 Hardened steel

14.5-mm API BS 41 994 594 .428 Tungsten carbide

45

CONFIDENTIAL

II



CONFIDENTIAL

10

6

4
3 BERYLLIUM OXIDE-DORON

BORON CARBIDE-DORON

4 ___,_ -SILICON CARBIDE-DORON

0 "ALUMINUM CARBIDE-DORON

S 6

3
• 2

- 03

• 8

w 6

3 "0 SILICON CARBIDE-DORON COMPOSITE
3

102 L I I I I I I I I __I___11 Jill_____
10 0 2 3 4 6 8101 2 3 4 6 810 2  2 3 4  6 8103

COMPOSITE AREAL DENSITY -LB/FT
2

Figure 19. (C) Performance of Composite Armor Systems Against Steel-Cored,
Armor-Piercing Projectiles at 0 IDegree Obliquity (U).
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thao those of" projecti les having steel penetrators. The data necessary to
fturtlIer explore this poss i b iIity is not current ly avai labble.

(C) The f'ollowing examplv illustrates how the analytical treatment di s-
cuIssed can be appl ied. Let us Ussume that a homolluneous armor material,
Anuior X, exhib its saipCle V5o BL.'s of 950 and 1,85U fps aga inst the
calliher .30 AT' M2 projectiIe at 4 and 10 p.if, respectively. The pene-
trator kilietic energies for these two conditions calcul ated from tht,
classi c equation are 102 and (115 ft-lb. When these values are divided hy
the cross-sectional area of the calibher .30 APl M2 penetrator (0.0468 in.2),
the resultmat kinetic energy and area ratios are 3,46(i and 13,150 ft-lb/
in.2, respectively. From a linear fit of these data points, ais shown in
Figure 20 in log-log paper, the performance of Armor X against heavier
caliber projectiles, such as the 14.5-rmi AI'I IS-41, can be estimated. At

service mnuzzle velocity (3,280 fps), the penetrator kinetic energy and
area ratio for the 14.5 •m BS-41 projectile is 98,600 ft-lb/-in. 2 . lBy
extrapolating the curve generated from caliber .30 AP M2 ballistic data
to this ratio level, it can be seen that a 40 psf areal density sample of
Armor X would be expected to exhibit a V50 13. of 3,280 fps.

(U) It is impotant to realize that the ballistic performance estimated by
the analytical tedmiques described must be verified by empirical test.
There is no substitute for actual ballistic testing to define armor
material capahilities.

3.6 (U) MWRIT RATINGS

(U) A merit rating system has been devised to permit a quick evaluation of
the comparative ballistic protection capabilities of various armor
materials. The merit rating of a material relates its protection capa-
bility to the protection capability of a standard steel armor. In the case
of penetrating projectiles and of those fragment-simulating projectiles
larger than caliber .30 (44 grain), rolled homogeneous steel, Specifica-
tion MIL-S-1256C (Ord), is used as the standard of comparison. For
fragment-simulating projectiles of caliber .30 (44 grain) and smaller
size, Hadfield-manganese steel, Spncification MIL-A-13259, is the standard
of comparison.

(U) In general, merit ratings may be based upon comparison of either of
two factors - velocity (impact) or weight (areal density). A velocity
merit rating is the ratio of the V50 protection ballistic limit (velocity)
of a candidate armor material to the V5 0 protection ballistic limit of a
standard steel armor having the same areal density. More recently, a
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Figure 20. (C) Example Showing Projected Heavy Caliber Armor
Performance From Small-Arms Ballistic Data (U).
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%%eight llOVit r'ting ha .s bele llsed, ill 111illy IUS to sulursel' e thlis

earlivr exi'oession of Comparsonl ill turLfl:l$ Of velocity. A ,v'ight merit
I',ttilig relIates the areIl dunisity of a candidate aniiuor material to that of'

"a %t~mdar Mtr?,I| rir,'l{f lulde" VConldition0; whL.'IL' oach Would have the soillme
V50 protection hallistic limit for a specified uttack. Although miuri t
rVatings could he vst bliiS:hiCd for amy dsired om itiui ty of projectcie
illijAt o01 ;111a 1'o , Such ColII pall OlIr n ll'C l1,(1h01y, made only at (o degree,;
oh 1 LI I ty Ill tVe 1S oh Of* eqia tit l Oll,

Weight Merit Rat ing (MI) Arcal im.lyo" standard- Ste.eu__Agmor

• Areal ik, ýnsity of (.4aididate Annor

x (100) (U)

JU) Merit rating comparisons are normally used only for preliminary
screening of cLuididate armor materials for a given application. lhe more
detailed ballistic linit data for the materials must still be used in
final design evaluiations.
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4. 1 111) IN'lIO)1UC1 ON

M) T) I iii. I it'lon itaill.ý -c1.&.i H"!Ld Hiiion114t hm oil tic. lowdhow of.*
pro 0OCt i IC, j'aSS i rIg tifrough ;I I Oikilid . II S111.; infol-iIit i oil SlipuII)I)1 f(Jllit.-
LLI11. I ,ISS i t iOU tht Z C011 t 'Ii fled iI I Svc t i oh 1'4 of Vo Il uric I ( U5A;V\N1J K.. chniiica I
Rvoprt 71 41A ") . Thew caipabi I ity of aircraft Htluhk, part iClularly fUL-1
to S OW down41 S11in I-IT- anus .0C prjo i 1 s-ni ho IUsd to ;KlVallt agQ in providinig
ak degr'týOf 011 Uti'ira IinS k ii g tWvt i V~[l'i1h Ic omipolivi t s or ai -c rt-wnoiei

4 . 2(C) FLUI 1WID)IU (IJH MAClI RI SfI CS (UI)

(C) Slowdown of priojoct i les ill a flUid mcldi l~uu iS clCUlated by the

Vr VSC0R

-d CDA

r S 0 CUDAR/ 2 il

Vs=Striking velocity (fps)

Cd -Drag coefficient (0.6 for projectiles and fragments)

D -Fluid density (oz/hi. 3

A-Average presented area of projectile (in. 2 sd roie

m - Weight of projectile (ounces)

R -Depth of fluid (inches)

(U) The physical characteristics Of fluids most commonly associated with

military aircraft are shown in Table XI1. 32

50

CONFI DENT IAL



CONFI DENTIAL

'ABI.! XII. (U) (XTTIN AlIRClRAFT FLUIDS
CU IAACIiR I SI CS

Fluid iDensity
L lqu id Specific (ravity (oz in. 3 )

-t so Iine 7 .0.7 0.439

Ihydraulic oil (MII,-IH- 560) .85 .491

JP- 1 .80 .402

JP-3 .76 .439

JP-4 (0.751-0.802) .79 .457

JP-S (0.788-0.845) .82 .474

Kerosene .82 .474

Liquid Oxygen 1.14 .659

Glycerine 1.27 .734

Water 1.00 .578

(C) A nomograph, Figure 21, is provided that permits rapid determination
of projectile slowdown without lengthy computations. An example is shown
for slowdown of a 12.7-m API type B-32 projectile. The specific gravity
of 0.79 for JP-4 fuel with a fuel depth of 27 inches is entered into the
right-hand side of the chart. From their intersection point, a horizontal
line is drawn to intersect the A/m value for the 12.7 mm API projectile.
This intersection point is used to follow the curved line to the reference
line. This provides the intersection point for following the diagonal
reference lines until it intersects the projectile striking velocity (Vs)
value vertical line. Constructing a line horizontally to the left provides
the intersection wit!, the remaining velocity scale (Vr) on the left-hand
side of the chart. For this example, the striking velocity of 2,000 feet
per second has been reduced to 240 feet per second by passing through
27 inches of JP-4 fuel.
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